CL 
O 

O 
-Q 

41 

o 





^18935 



10 



15 



20 



25 



30 



35 



*h*« Invention relates t« . 
useful puip flbepa ' " *° • P~oess for reel« lBlng 

v-.tepaper bjr . blologioli aat rr;T lnln8 ° P "<"«""° 
De-inking of pul» fih«!.« 

-1-P.rse the- i a the .oueou. ».d laB J " Md *• 

then separated from the pulD ^ lak paPtlol « 

flotation or by «. lag a .o^ * -«"■ <>r 

w-hing and flotation. 7 * PP °° 6 " fctat oo«binaa 

*he obealoals used for *k- 
P-ooess are surfactants whlL J «°»™tton.l de-inking 
"-ore ink trou J"" 1 - « Agents to 

Particle, dispersed Jlpr^t'T"^ *° ** 
a»- foaaing agents In L Z£ rZZ ^ ^ "* 

A typloal surfactant ill i °' '""oles. 

hydrophobic part on one U - * ° haln n ° le ° Ule wlth * 
other end. The 1 ZJZ a T » ^""o part on the 

surfactants. or oth or oil-soluble 

hydrophllto part in «*. . 
wually consists of anionic »L ? de - la,ctB « wrfctant 

-Id ..it. or sulfon" * id "It. 'd' " Wb< "* 110 

»«oh as polycyethyleaafd "* ttODio » l ° "oleoules, 

The typloal surfactants ooaaonly i ^ 

and froth flotation de-l«»n„. ln the ""hing 

Potassiu. salts of M 80dlu " Md 

"n.T al^bensenesux^ <- P e>, 

alcohols, po W ethoxyl.ted .i^ B ' *° n «-° tal » 'atty 

•thoayiatea, and polyoxyetho«i. 1 * ° U ' alkyl Phenol- 

* -J- disadvantage ^£ ^hols. 

--inking process i. .1^^ * 
— flo W and packing pPOee „ 



the above aurfaotanta are resistant to biodegradation in the 
effluent treatment stages oausing a serious environmental 
problem. 

In the froth flotation de-inking prooess, a eolleotor 
5 is added to agglomerate ink into large partielea and attaoh 
them to. the air bubbles. Colleotors are required for 
•ffeotlve flotation and are usually anionlo long-ohain fatty 
aold soaps. Fatty aoid oolleotors are preoipitated with 
calcium ions to form larger, insoluble ink partioles and 
10 oolleotor partioles. With lnjeotlon of air in the flotation 
cells, the agglomerated ink partioles adhere to the bubbles, 
rise to the surface and are skimmed off from the system. 

Major disadvantages of the flotation method using the 
fatty aoid oolleotor are a pitoh deposition and oaloium 
15 soiling problems in the subsequent stook lines and 
papermaking prooess equipment. Besides surfactants, other 
ohemloals employed are caustio soda, sodium silioate, metal 
ion eheiating agents and hydrogen peroxide. 

The hydrogen peroxide bleaohing agent has to be added 
20 in order to prevent pulp yellowing caused by the addition of 
oaustio *oda and to Improve the brightness of pulp fibers. 

With advances in modern printing and photooopying 
technology, conventional do-inking with the aid of 
surfaotants enoountera serious problems beoause the 
25 wastepaper is printed with the use of heavily coated, highly 
polymerised or non-impaot lnka, euoh as ultraviolet, heat- 
set, Xerox, laser and Ink Jet. Theae Inks usually contain 
cured polymer resins whloh bind Ink partiolea so strongly on 
the fiber surfaoe that it is impossible to dislodge the inks 
30 oompletely during the wastepaper deftberizlng (pulping) 
stage with the conventional de-inking ohemloals. Bxoeas 
beat and meohanloal energy are also required along with the 
ineffective conventional ohemloals. 

Furthermore, in the conventional flotation de-inking 
35 prooess for newsprint wastepaper, a major technioal problem 
has to do with the faot that fine ink particles are embedded 
in the fiber bundles and between fibrils whioh are almost 
impossible to be removed from the fibers by a washing and/or 
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Sumaary of the Invention 
This invention provides a new end muoh Improved de- 
Inking method trhioh is effective for newsprint aa well as 
wood- free printed wastepaper, suoh as whlteledger, laser 
5 printed, xerographic oopypaper and oomputer printout 
wastepaper. 

The de-inking method of the present invention is to 
remove ink particles by the use of the biological activity 
of enzymes on the cellulose fiber surface and the dispersing 

10 funotlon of enzyme protein on ink particles. 

In contrast to the conventional method, no alkali or 
de-inking surfactants are required, although some 
surfactants can be used along with the enzyme to enbanoe the 
de- inking efficiency. . In the froth flotation process, the 

15 fatty acid collectors are not required. Since oaustic soda 
is not used in the newsprint de-inking, a hydrogen peroxide 
bleaching agent is also not required for preventing 
yellowing. 

The elimination of the fatty add oolleotor in this 
20 blologloal de-inking prooess will solve the persistent pitch 
and scale deposition problem associated with the 
oonventlonal flotation process using .the fatty acid type 
soap and calcium salts and silicates. 

25 
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Description of the Preferred Embodiment 
The wastepaper, suoh as old newsprint, is disintegrated 
in a conventional pulper (consistency U-7?) or in a high 
consistency pulper, (consistency 12-15?}, at a water 



addition level of enzyme is 0.005? to 5.07 by weight baaed 
on dry weight of wastepaper. The pH of the stock slurry is 
adjusted in the range of.. 3.0. to 8.0 . As compared to the 
conventional pulping process using oaustio and surfactants, 
10 the pulping in the preaenoe of enzyme can be completed in a 
relatively abort period and ink partlolea are completely 
separated from the fiber surfaoe and dispersed well. The 
dispersed inks are removed out of the pulp flbera by using 
the oonventional washing process equipment, auoh as 
15 vibrating aoreen and drum washers without the aid of 
detergent surfactants in single and multi-stages. The ink 
partlolea dispersed with the action of enzyme protein can be 
also selectively removed out of the diluted pulp slurry with 
oonventional flotation equipment in which air is injected or 
20 drawn into the pulp to provide bubbles to plok up the 
particles. Ho fatty acid collector is required in the case 
of waste newsprint. A small amount of fatty aold oolleotor 
may be added to enhance the ink removal efficiency in the 
case of laaer-printed wastepaper. 
25 Among enzymes which can be used in the method are the 

oarbohydrasea and particular enzymes, such as oellulase, 
hemioellulase , peotlnase and mixtures thereof. 

This biological de-inking process lowers pulping energy 
requirements to a large extent (almost 50? reduction) since 
30 the addition of enzyme results in a substantial reduotlon in 
pulping time as oompared to the pulping in the absence of 
enzyme. The observed faster and easier pulping In the 
preaenoe of enzyme may . be attributed to the unique 
biological activity of the enzyme whioh is effective to 
35 debond the fiber bonding and dislodge the inks bonded on the 
fiber surfaoe as well as within the fiber bundlea or between 
the fibrils. A partial enzymatic hydrolysis of cellulose 
within the micro structure of the fiber surface may occur 
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during the pulping stage. Because of this biologioal 
aotivity of the enzyme, the fine ink particles embedded 
within fiber bundles, fibrils and fines whioh have been 
impossible to be taken out by the oonventional de-inking 
ohemioals in the oase of old newsprint de-inking are 
removed. 

According to this biologioal de-Inking method of old 
newsprint, the addition of hydrogen peroxide to prevent 
fiber yellowing is not required. This results in a 
substantial reduotlon of de-inking ohemloal oost as ooapared 
to the oonventional de-inking prooess using caustic soda, 
hydrogen peroxide, chelating agents and sodium silloates. 

It should be pointed out that the physloal strength 
properties of the resulting pulp fiber prepared by this 
Invented method are found to be higher than those of the 
corresponding pulp prepared by the conventional method in 
addition to the muoh higher resulting pulp brightness. The 
enzyme addition does not appear to degrade the fiber 
strength, but rather improves the fiber strength for reasons 
not presently known. 

To more fully illustrate the present invention, the 
following non-limiting examples are presented. 

gxamnle 1 

De-inking of Old He wb print wi th a Cellulolvtlo Enzyme. 

4 sample of old newsprint wastepaper was added to the 
pulper whioh was filled with 40°C water at a oonsistenoy of 
and $ oellulase (enzyme) was dissolved at the dosage 
level of 0.1* based on oven dry weight of wastepaper. The 
wastepaper was soaked for 10 minutes and then disintegrated 
for 5 minutes. After a complete disintegration of 
wastepaper, one half of the pulp slurry was diluted to 1* 
consistency. 

The diluted pulp slurry was moved to the air flotation 
oell and then the dispersed ink partioles were removed out 
of the pulp slurry by skimming off the ink partioles froth 
out of the oell while injecting air through a porous 
plate. The flotation time for the complete removal of the 
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ink froth was one minute. 

The other half of the pulp slurry was washed on a 
laboratory Titrating screen to remove the dispersed ink 
partioles. 

5 The resulting reoyoled pulp fibers obtained by the 

flotation and the washing step were evaluated for pulp 
brightness and meohanioal strength properties. To oompare 
this ensyme-treated de-inked pulp to the conventional de- 
Inked pulp, the same sample of wastepaper was treated in the 
10 pulper with addition of 1.0* HaOH, 0.3* H 2 0 2 , 3* sodium 
sllioate solution (water glass) and 0.M of SBRFAX MT-90 
(fatty aoid soap) and 0.2* IOBPAL-660 (biodegradable 
nonionio aurfaotant marketed by OAF Corporation) based on 
oven dry weight of wastepaper. The pulping time was 10 
15 minutes for a complete disintegration. After diluting to 1< 
oonsistenoy, the dispersed ink partioles were removed by the 
flotation method with the laboratory flotation oell as 
desoribed above. 

As shown in Table 1, the brightness of the pulp de- 
20 inked with ensyme was muoh higher than that of the pulp de- 
inked with the oonventional ohemlcals and the meohanioal 
strength of the enzyme-de-inked pulp was also superior to 
the pulp de-inked with the fatty aoid oolleotor and the 
diapersant (KJBPAL-660). Miorosoopio observation revealed 
25 that the pulp prepared by the present invention oontained 
more long fiber fraotiona, has smoother fiber surfaoe and 
looks less meohanloally damaged. 
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Tablel . Comparison of properties of reoyoled pulp 

by the method of the present invention 

and the oonventional method* 

brightness tensile index tear index 
(?) (S.m/g) (mN.m/g) 



KOHP AOHP 


KONP 


AOHP 


KONP 


AOHP 


present flotation 47*1 45.2 
method ^ „ 
1Q washing 50.3 48.6 


28.9 
29.3 


32.4 
32.9 


11.7 
11.8 


13.6 
14.1 


oonventional _ _ 
method 45.1 38.4 


30.1 


32.8 


10.8 


13.1 


KONPs Korean old newspaper 



15 



AONPs 



As oan be seen from the data in Table 1, the enayme- 
treated pulp gave oleaner and brighter pulp with the washing* 
as oompared to the flotation ink removal using the 
oonventional method. 

20 The enzyme addition also appeared to aoeelerate the 

wastepaper disintegration to a large extent. When the old 
newspaper was disintegrated in the oonventional pulper at 
the 4* consistency, the addition of 0.5* ensyme reduoed the 
pulping time from 5 minutes (no ensyme,, addition) to 30 

25 seconds for a complete disintegration as shown in Table 2. 

Table 2. Relation between ensyme addition and 
— — - disintegration time. 



30 


ensyme (%) 
(oellulase) 


0.5 


0.1 


0 






disintegration 
time (seo) 


30> 


60-120 


300< 
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Example 2 

n.- t nvm. of t EPQ faomouter printout? with Cellulolytio 

It is almost Impossible to achieve a oomplete removal 
5 of laser beam oured Ink particles from the laser CPO 
waatepaper with the conventional de-inking chemicals, 
beoauae the Ink particles are so strongly adhered to the 
fiber surface that alkali and general de-inking surfactants 
used in the oonventional process are not able to dislodge 
10 and disperse the ink in the pulp-water slurry. 

A sample of laser-CPO waatepaper was added to water in 
a laboratory high consistency pulper to achieve a 
ccnsiatency of 12.5* and a cellulase <en*yme> was added to 
the water at the dosage level of 0.2* based on the dry 
15 weight of paper. At stock water temperature of 20-35'C, the 
pulping was carried out for 20 minutes. The completely 
disintegrated pulp slurry was diluted to 0.5* consistency 
and then the dispersed ink particles were removed out of the 
pulp slurry using the laboratory flotation cell in the same 
20 way described in Example 1. In this case, to Increase the 
ink removal efficiency and selectivity, a small amount of 
the conventional fatty acid collector. SURF AX MT-90, 0.3* 
based on dry weight of waatepaper, was added prior to the 
sir flotation step and the flotation time was 3 ninutes. To 
25 compare to the enayme de-inked pulp, the oonventional de- 
Inked pulp was prepared b, the same way but the following 
chemicals and conditions were usedi 

1* HaOR on dry weight of waatepaper 
0.1* IGBPAL-660 dlspersant 
30 0.8* SKRFAX MT-90 

pulping temperature « 50°C 
pulping timet 30 minutes 

calcium salt addition to the flotation oelli 200pp» 
• flotation timet 3 minutes 

35 The brightness and the atrength properties of the 

resulting pulp samples were compared in Table 3. 
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^nr* «wss> " n W" 

•n«ma ♦ Ht-90(0.3*> 79.0 



1° HT-90 (0.W) 80>6 4,330 

(conventional method) 



26.3 



15 



w««M>le 1 

. «. Kw ■innMnft'T 4 '- 1 * an8yl ' le -• 

„r mit. " 11,1 | L- — >. -.a 

oo.t.i 01 «. o.i* r:rj\zjz. «.i»t.«r.t- 

.resent invention are improved. 

conventional method. 
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present method 

MT-90 CO.M) . 
(conventional method) 



brightness 
114.2 
38. U 



tensile index 
(H.m/g) 



33.3 



32.8 
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The foregoing disclosure and description of the 

invention Is Illustrative and explanatory thereof, and 

various changes in the method steps may be made within the 

eoope of the appended claims without departing from the 
spirit of the Invention. 
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particles. 

2 . Th. method of Claim J_wherein said ink particle, are 
removed by flotatioo. 

3 . The method of Claim ^wherein said Ink particle- are 
resoved by washing • 

„ The method of Claim ^wherein -aid enayme Is 
..leoied fro. the olas. consisting 
' r..lo.ll«la.e. peotlnase another oartohydra.es ^.Hture. 

thereof* 

5 The method of Claim ^wherein the amount of enzyme 
5. °" v 4 g< b weight based on the 

- used Is in the range of 0.005* to 5> oy 
dry weight of the wastepaper. 

6 The method of Clai«.2>ereln the amount of enayme 
used 1. iTth. range of 0.005* to 5t by weight based on the 
dry weight of the wastepaper. 

, The method of Claim ±. including controlling the 
temperature of the pulping process in a range of fro. room 
temperature up to about 60°C. 

8. The method of C*ai« ^including controlling the pH 
of the pulping process In a range of from 3 to 8. 



Abatraot af the Dlaoloaure 
A method of de-lnklng wastepaper by pulping the paper 
in the presence of an enayoe which dislodges the Ink 
parttolea from the paper fibers and removing the dislodged 
ink partlolee by a method, such as flotation or washing. 
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